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■  In September 2015, the 193 
member states of the United Nations 
General Assembly adopted 17 
Sustainable Development Goals 
(SDGs) as part of the 2030 Agenda 
for Sustainable Development. These 
goals, which are sub-divided into 
169 targets, aim to end poverty, 
fight inequalities and protect the 
planet from climate change and 
environmental degradation by 2030.  

More recently, the UN General 
Assembly proclaimed 2019 as the 
International Year of the Periodic 
Table (IYPT2019), to coincide with 
the 150th anniversary of Mendeleev’s 
discovery of the periodic system. Its 
stated intention in doing so is to raise 
global awareness of how chemistry 
promotes sustainable development 
and provides solutions to global 
challenges in energy, agriculture, 
health and other critical sectors.  

In the few years since the SDGs’ 
adoption, the chemistry sector has 
made good progress in identifying its 
role in this regard. Leading chemical 
companies and industry associations, 
convened by the World Business 
Council for Sustainable Development, 
developed a Chemical Sector 
SDG Roadmap describing areas 
where the sector is uniquely suited 
to make a considerable and 
lasting impact in advancing the 
SDGs.  Prior to this, many of those 
stakeholders had already published 
their own reports and plans. 

Cover photo by Kevin Salemme

The American Chemical 
Society’s Chair of the Committee 
on Environmental Improvement, 
Anthony M. Noce, summed up the 
sector’s role in an article for Chemistry 
& Engineering News. ‘Chemistry 
offers a broad spectrum of products 
and services essential to our daily 
lives that are safe, sustainable and 
environmentally sound,’ he wrote. 
‘Chemistry also enables more 
efficient use of our natural resources, 
increases energy efficiency, allows for 
reduced greenhouse gas emissions, 
finds new uses for current waste 
products, and is at the forefront of 
the development of sustainable 
materials. Advances in chemistry 
have been, and will continue to be, 
instrumental in increasing agricultural 
production to feed a growing world 
population, providing safe drinking 
water, and preventing and 
treating disease.’

This issue of Quest, 
with its Periodic 
Table theme, 
showcases 
some of these 
applications. 

Sue Matthews
QUEST Editor 
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The Periodic Table and the SDGs  

EDITOR'S NOTE



■  The United Nations General Assembly has proclaimed 
2019 as the ‘International Year of the Periodic Table of 
the Chemical Elements (IYPT2019)’, to celebrate the 
150th anniversary of the periodic table’s discovery in 
1869 by Russian chemist Dmitri Mendeleev. Although 
other chemists before him had grouped elements with 
similar properties, Mendeleev was the first to place the 
elements in order of increasing atomic weight. At the 
time, only about half of the 118 elements we know 
today had been discovered, but Mendeleev left gaps 
in his table for future discoveries and made predictions 
about the properties of some missing elements. When 
the discovery of gallium, scandium and germanium 
during the next two decades revealed the accuracy of 
these predictions, Mendeleev’s periodic table was firmly 
endorsed by the global scientific community. In 1889 the 
Chemical Society (now the Royal Society of Chemistry) 
in England awarded him its highest distinction – the 
Faraday Lectureship Prize for ‘exceptional contributions 
to physical or theoretical chemistry’. The element 
mendelevium, which was discovered in 1955, was 
named in his honour, 48 years after his death in 1907.

Today’s periodic table lists the elements in order of 
increasing atomic number rather than atomic weight, 
and changes are still made to it on a regular basis. 
The current version was issued by the International Union 
of Pure and Applied Chemistry (IUPAC) as recently as 
1 December 2018, and reflects updates recommended 
by the IUPAC Commission on Isotopic Abundances and 
Atomic Weights – a body that was established in 1899!

The latest new elements to be added were elements 
113, 115, 117 and 118 in November 2016, completing 
the seventh row of the periodic table. The discovery 
of the elements had been announced the previous 
December, but a review process is followed to ensure 
any new additions meet criteria for inclusion. The 
element names suggested by the discoverers are also 
subject to a five-month period of public comment. 
Elements may only be named after a mythological 
concept or character (including an astronomical 
object), a mineral or similar substance, a place or 
geographical region, a property of the element, 
or a scientist. The names of elements in groups 1-16 
typically end with ‘ium’, but with ‘ine’ in group 17 
and ‘on’ in group 18.

The Periodic Table  
Past and present
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Three of the new elements were accordingly named 
after places or regions reflecting the location of 
the discoverers’ scientific institutions, and the fourth 
after a scientist:
• 113: nihonium (Nh), after the Japanese word for 

Japan, ‘Nihon’

• 115: moscovium (Mc), after Moscow in Russia

• 117: tennessine (Ts), after Tennessee in the 
United States

• 118: oganesson (Og), after Yuri Oganessian, a 
Russian nuclear physicist who headed the team of 
Russian and American scientists that discovered the 
element, and is now the only living person with an 
element named after him.  

The elements between these final four – 114 (flerovium) 
and 116 (livermorium) – were named in 2012. 

Elements with atomic numbers higher than 92 
(uranium) are called transuranic elements, and apart 
from trace amounts of neptunium, plutonium and 
americium occurring in uranium minerals, they are 
not found in nature. All have been synthesised in 
laboratory particle accelerators or nuclear reactors, 
essentially by smashing atoms of different elements 
together so that their nuclei fuse. The 15 elements from 
104 (rutherfordium) onwards are known as superheavy 
elements and, given that they decay in fractions of a 
second, have no practical uses besides atomic research. 
An exciting breakthrough in this regard was announced 
in November – scientists at the Berkeley Lab in California 
had succeeded in directly measuring the mass numbers 

of nihonium and moscovium, confirming previous indirect 
measurements through circumstantial evidence.  This 
was the first time this has been achieved for any of the 
superheavy elements, and was made possible due 
to a new device called FIONA (an acronym for ‘For 
the Identification of Nuclide A’ – A being the scientific 
symbol for mass number).

The search continues for elements 119, 120 and 
beyond, with experiments already under way or planned 
at some international research institutes, following some 
unsuccessful attempts in the past. The discovery of 
element 119, currently known by the placeholder name 
ununennium, would begin the eighth period of the 
periodic table. 

The Royal Society of Chemistry’s website includes an interactive 
periodic table with detailed accounts of each element, information 
on historical aspects and periodic trends, as well as interesting 
podcasts and videos. See http://www.rsc.org/periodic-table/.

Atomic number:   The number of protons in the 
nucleus of an atom

Atomic weight:   The weighted average of the 
atomic masses of the different 
isotopes of an element

Atomic mass:  The mass of an atom, 
approximately equivalent to its 
number of protons plus neutrons

Mass number:  The number of protons and 
neutrons in the nucleus of an atom

s-block

d-block

p-block

f-block
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■  The transition metals are commonly considered 
to be elements in groups 3 to 12, which make up 
the d-block on the periodic table. Most occur in a 
variety of minerals in ores in the Earth’s crust, and 
need to be extracted using either pyrometallurgical 
(smelting) processes, requiring extremely high 
temperatures, or hydrometallurgical (leaching) 
processes, relying on aqueous solutions.

These metals have a wide variety of uses, both 
in everyday life and in novel applications that 
are still being researched and developed. Here 
we profile a transition metal from each of the 10 
groups of the d-block, exploring some interesting 
ways in which they are of benefit to society.

TRANSITION 
METALS

Radioactive beads target tumours 

Yttrium is a bright silvery metal that is soft and 
malleable, similar in density to titanium. It is used 
as an additive to increase the strength of 

aluminium and magnesium alloys, and is also found in 
lasers, microwaves, energy-efficient lightbulbs, camera 
lenses and superconducting ceramics. It is named after 
the village of Ytterby in Sweden, where the first ore 
containing the element was discovered. Both yttrium 
and scandium are sometimes classified as rare earth 
metals with the 15 lanthanides, because they tend to 
occur in the same geological deposits and exhibit similar 
chemical properties.

The radioactive isotope 90Y is used in a relatively new 
kind of treatment for liver cancer, known as Selective 
Internal Radiation Therapy (SIRT) or radioembolisation. 
It involves inserting a thin tube called a catheter into the 
femoral artery near the groin, and using X-ray imaging 
to guide the catheter up into the hepatic artery in the 
liver. Millions of minute 90Y radiolabeled microspheres 
are then injected through the catheter, and become 
embedded within tiny blood vessels in the cancerous 
tumour. Here they release radiation that not only kills 
the cancer cells, but also destroys the vessels feeding 
the tumour, causing it to shrink. This is not a permanent 
cure, but most patients will survive for longer. The main 
benefit of the approach is that high doses of radiation 
can be delivered directly to the tumour without 
affecting healthy cells, so side effects are minimised.

Two types of microspheres are available – resin 
beads called SIR-Spheres that range in size from 20 to 
60 µm, and glass beads called TheraSpheres that are 
between 20 and 30 µm (micrometre = one millionth 
of a metre, or one thousandth of a millimetre). The 
90Y is produced through neutron bombardment of 
the stable isotope 89Y, but can also be produced 
by chemical separation from strontium-90 (90Sr), a 
fission product of uranium in nuclear reactors.  

Today’s periodic table has seven horizontal rows, 
called periods, and 18 vertical columns, called 
groups. Periods represent the number of electron 
shells in an element’s atom, while groups reflect 
the number of electrons found in an element’s 
valence shell – the outermost shell of the atom. 
These so-called valence electrons are important 
in determining the chemical properties of the 
elements. Generally, the number of valence 
electrons is the same within a column, and 
increases from left to right within a row.

Electron shells can be sub-divided into four 
different types of sub-shells – s, p, d and f – each of 
which has a maximum number of electrons it can 
hold. Sub-shell d can hold up to 10 electrons in five 
distinct orbitals. Those elements that have their 
‘last’ electron in the d sub-shell form the d-block 
on the periodic table, including groups 3 to 12. 

According to the International Union of Pure 
and Applied Chemistry (IUPAC), a transition metal 
is ‘an element whose atom has an incomplete d 
sub-shell, or which can give rise to cations with an 
incomplete d sub-shell.’ This definition excludes 
zinc, cadmium and mercury because they each 
have a full d sub-shell, but since these elements 
exhibit similar chemical properties to the rest 
of the d-block, many scientists consider them 
transition metals.

© Sirtex Medical
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3D printing meets medical innovation

Titanium is a metal that is used as an alloying 
agent with other metals, particularly 
aluminium, molybdenum and iron, to form 

strong but lightweight materials. These are used, for 
example, in aircrafts and missiles, sporting goods such 
as golf clubs and bicycles, as well as wheelchairs and 
crutches. More recently, it has become possible to 
construct small quantities of custom-made parts using 
3D printing, also known as direct metal laser sintering or 
metal-additive manufacturing when a metal is involved. 
In this case, titanium powder is melted (sintered) with 
a laser to build layer upon layer of the product. South 
Africa has the largest such printer in the world, built 
with funding from the Department of Science and 
Technology as part of project Aeroswift – a collab-
oration between the CSIR’s National Laser Centre and 
the Aerosud Innovation Centre to construct parts 
for the aerospace manufacturing sector. An even more 
specialised application is used at the Centre for Rapid 
Prototyping and Manufacturing (CRPM) at the Central 
University of Technology in Bloemfontein. Here, 3D 
printing is used to make titanium prosthetics such as 
artificial hip joints, as well as facial implants needed for 
reconstructive surgery after disfiguring accidents or the 
removal of tumours. Both Aeroswift and the CRPM 
have also made titanium parts for Nelson Mandela 
University’s Eco-Car (see page 33).

Most titanium, however, is used in the form of titanium 
dioxide (TiO2) – a bright white pigment found in paints, 
plastics, paper as well as cosmetics like sunscreen, 
skin lighteners and toothpaste. In sunscreen the tiny 
TiO2 particles help to scatter, reflect and absorb UV 
radiation, but those smaller than 15 nanometres may 
penetrate the skin, with the risk of increased skin 
aging, pathological effects in the liver and particle 
accumulation in the brain. Professor Bice Martincigh and 

her postgraduate students at the University of KwaZulu-
Natal developed a simple method of analysing TiO2 in 
sunscreens, and found that while the amount of TiO2 

in 22 products tested was well below regulatory limits, 
the average particle size was cause for concern. 

Titanium is found in many mineral deposits, but 
commercial extraction is only viable from ilmenite and 
rutile in beach sands or fossilised dunes, where they have 
been concentrated by natural erosion. South Africa has 
significant reserves of these minerals, with mining activity 
dominated by Richards Bay Minerals on the north-east 
coast and Namakwa Sands on the west coast. Both 
process the titanium-rich sands to titania slag and rutile, 
which is currently exported for further beneficiation, 
but a TiO2 production plant is planned for Richards Bay. 
In addition, the CSIR’s Titanium Centre of Competence 
has developed a novel process to produce titanium 
metal powder from titania slag. Following a three-year 
pilot project that ended in 2017, research is continuing 
with the aim of commercialising the process.

From the Model T Ford to 
container-size batteries

Vanadium is found in about 65 different 
minerals, and is also present in phosphate, 
bauxite and iron ores. It is mainly mined from 

deposits of titaniferous magnetite (an iron ore), like those 
found in South Africa’s Bushveld Igneous Complex, but is 
also obtained as a by-product of steel production. 
South Africa is currently the third largest producer of 
vanadium, after China and Russia. 

About 80% of the global production is used as a steel 
additive. ‘Vanadium steel’ is light but strong, a feature 
that was first exploited on an industrial scale by the 
Ford Motor Company. The alloy allowed Henry Ford 
to achieve his goal of creating a simple, affordable 
car with the introduction in 1908 of the Model T Ford. 
Its chassis – including the crankshaft, forged front axle 
and wheel spindles – was made from vanadium steel.  

© CRPM
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The price of vanadium has increased by more 
than 800% over the past few years, primarily due to 
demand for the metal by the Chinese steel production 
sector. This was in response to new standards 
promulgated in China, effective from November 
2018, requiring rebar steel to be stronger so that 
buildings would be more resistant to earthquakes. 
The price increase may threaten the viability of a 
small but growing use of vanadium – as electrolytes 
in vanadium redox flow batteries (VRFBs).

The concept for VRFBs, which is based on vanadium’s 
ability to exist in four different oxidation states, was 
proposed by an Australian chemical engineer named 
Maria Skyllas-Kazacos in 1984. Liquid electrolytes 
containing vanadium ions are pumped from two 
storage tanks into the reduction-oxidation (redox) 
centre, serving as the power cell where the electric 
current is generated. The liquids are separated in the 
power cell by a membrane, so they can react but 
do not mix, ensuring they can be used indefinitely for 
battery charging and discharging. Since the capacity of 
VRFBs depends only on the amount of stored electrolyte, 
they can be built as huge systems the size of shipping 
containers, ideal for storing energy generated by 
wind farms and solar power plants. Eskom acquired 
its first VRFB for testing at the end of 2018. The system 
has been designed to have peak power of 120 kW 
and the ability to store peak energy of 450 kWh. 

A nutty solution to waste remediation

Chromium is mined as chromite ore, most of 
which is processed to produce ferrochrome, 
an iron-chrome alloy used for stainless steel 

manufacturing. Other major uses are leather-tanning, 
chrome-plating of metals and plastics to give a mirror-
like finish, and manufacturing of dyes and paint 
pigments. South Africa contains the world’s largest 
chromite reserves, and is also the top chromite 
producer, although China produces more ferro-
chrome and stainless steel.

Unfortunately, leachate from tailing dumps and 
storage piles at mining sites, as well as waste effluents 
from the various industrial processes, pose a threat 
to human health and aquatic life because they 
typically contain high levels of chromium. Chromium 
occurs in a number of different oxidation states, with 
trivalent Cr(III) and hexavalent Cr(VI) being the most 
stable states in the environment. Both forms are toxic 
at high concentrations, but Cr(VI) is considerably 
more toxic than Cr(III). Since CR(III) precipitates easily 
and is therefore less mobile than Cr(VI), treatment of 
leachate and effluent often begins with the conversion 
of Cr(VI) to Cr(III). Conventional treatment options 
do this using chemical agents, which typically results 

in by-products that may themselves be toxic. 
Seeking an environmentally friendly alternative, 

researchers at the Vaal University of Technology (VUT) 
have investigated the feasibility of using macadamia 
nutshells to remove Cr(VI) from aqueous solutions. 
South Africa competes with Australia as the world’s 
largest producer of macadamia nuts, and because 
much of the total harvest is sold as raw or roasted 
kernel, thousands of tons of shells are generated 
in nut-processing factories each year. This waste 
material can be used to produce activated carbon 
as a cost-effective and sustainable means of treating 
chromium-contaminated effluent. Activated carbon 
can be made from any organic material with a 
high carbon content, including coal, peat, coconut 
husks, bamboo bark or wood pulp. It is processed 
into a fine powder or granular form, the aim being 
to ensure a network of minute pores that greatly 
increase the surface area for adsorption of soluble 
substances. In the VUT laboratory studies, macadamia 
activated carbon showed good potential for removing 
Cr(VI) from contaminated solutions via adsorption 
and reduction of Cr(VI) to Cr(III), and additional 
research has been conducted to optimise this. 

Beneficiation for battery cathodes

Manganese is a hard and brittle metal that is 
used mainly as an alloy. All steel contains a very 
small percentage of manganese, while 

manganese steel – also called mangalloy or Hadfield 
steel – contains 11–14% manganese and is valued for its 
work-hardening, which means that the outer surface 
becomes harder the more it is impacted or compressed. 
Manganese steel is typically used in railway crossings, 
cement mixes, and mining crushers and scrapers. As 
much as 90% of manganese consumption globally is for 
steel production, but manganese is also used as an alloy 
with other metals, such as aluminium and copper. 
Beverage cans, for example, are typically aluminium 
with up to 1.5% manganese. 

© Forest and Kim Starr
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South Africa has approximately 78% of the world’s 
manganese resources and the largest reserves (the 
portion of resources that are economically feasible 
to extract and sell), mainly located in the Kalahari 
Manganese Field in the Northern Cape. It is also the 
largest producer globally, but most of the mined 
manganese ore is exported rather than being pro-
cessed into higher-value products. In October 2017 
the Department of Science and Technology therefore 
launched a pilot plant, hosted by the University of 
Limpopo, to encourage beneficiation of manganese. 
The Lithium Ion Battery Precursor Pilot Plant aims to 
produce lithium manganese oxide (LMO) and nickel 
manganese cobalt (NMC), both of which can be 
used for cathodes in lithium ion-batteries. These 
rechargeable batteries are common in portable 
electronics such as cellphones, digital cameras 
and laptops, and are also used for electric vehicles, 
power tools and some renewable energy systems. 

The CSIR was at the forefront of the development 
of lithium-ion batteries in the 1980s, and more recently 
has focussed on improving the performance of 
manganese-based cathode materials by, for example, 
deploying microwave irradiation in their preparation 
and modifying their structure with nickel nanoparticles. 

One of the most widely used chemotherapy 
drugs currently available for treating various types 
of cancer is cisplatin, which is a platinum-based 
compound. Patients often develop resistance to 
the drug, however, and side effects such as nausea 
and hair loss are common because the drug is non-
selective, attacking the DNA of healthy cells as well as 
cancerous ones. Ruthenium-based compounds have 
shown promise as effective anti-cancer agents, with 
lower incidence and severity of side effects, but their 
mechanisms of action are not yet fully understood. 

The dinosaur extinction and ‘Le Grand K’

Iridium is a hard, silvery metal that is the most 
corrosion-resistant material known. It is one of 
the rarest elements on Earth, but South Africa is 

both the top reserve holder and top producer. Iridium is 
known to be common in asteroids, and since it occurs in 
the Earth’s crust in a thin layer that was laid down 
65 million years ago – at the transition between the 
Cretaceous and Tertiary periods – some scientists believe 
that this proves the extinction of the dinosaurs was 
caused by an asteroid crashing into Earth. The impact 
would have blasted iridium-rich particles into the 
atmosphere and beyond, resulting in the metal’s 
distribution all over the planet as the particles were 
deposited over time. A dense cloud of dust would have 
blocked out the sun for months, inhibiting photosynthesis 
and causing rapid climate change. The discovery of a 
180 km wide impact crater on the Yucatán Peninsula in 
Mexico lent support to this theory, but the issue remains a 
subject of considerable scientific debate and research.

Uses of iridium include spark plug contacts, compass 
bearings, surgical pins and fountain pen tips. Until 
recently, a small cylinder of metal alloy comprising 
90% platinum and 10% iridium served as the Inter-
national Prototype of the Kilogram, or IPK. It is kept 
in a vault at the International Bureau of Weights and 

Electrical contacts and drug development

Ruthenium is one of the six platinum group 
metals (PGMs), the others being platinum, 
palladium, rhodium, iridium and osmium. It is 

one of the world’s rarest metals, but the largest deposits 
are in South Africa, where ruthenium is extracted as a 
by-product of platinum and palladium mining. 

It was traditionally used mainly for electrical contacts, 
because its hardness provides good resistance against 
wear. Recently, its price has skyrocketed due to its 
soaring demand as a paste in chip resistors and as a 
catalyst in the chemical industry. It is also increasingly 
being used for biomedical applications, and a 
number of researchers in South Africa and elsewhere 
have been investigating its potential for treating 
diseases such as malaria, diabetes and cancer. 

Wikipedia 

© South32
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Measures outside Paris, France, where it is known as 
‘Le Grand K’ (French for ‘the big K’). Since 1889 it has 
been the standard against which all other kilograms 
in the world are measured. Identical copies are kept 
in a number of other locations around the world, but 
in recent years ‘Le Grand K’ has been found to weigh 
slightly less than these copies. At the International 
General Conference on Weights and Measures, 
held in France in November 2018, representatives of 
more than 50 nations therefore voted unanimously 
to redefine the kilogram. Le Grand K will be replaced 
by units measured in terms of Plank’s constant – a 
fundamental physical constant relating to the energy 
of an electromagnetic wave. The Planck constant can 
be accurately measured in a Kibble Balance, which 
uses the force produced by a current-carrying wire in 
a magnetic field to balance the weight of a mass. 

Precious metal price plummets

Platinum is a silvery-white metal that is highly 
resistant to corrosion. South Africa produces 
about 70% of global mine production, 

recovering platinum and other platinum group metals 
(PGMs) from polymetallic sulphide ores in the Bushveld 
Igneous Complex, which was formed by an uprising of 
magma (molten rock) from deep within the Earth. 

Platinum’s main application is in automobile catalytic 
converters, which reduce toxic exhaust emissions. It is 
primarily used in diesel vehicles, while petrol vehicles 
have been able to use palladium, which was historically 
cheaper. The worldwide trend to switch from diesel to 
petrol vehicles has contributed to the significant drop 
in platinum prices in recent years, putting thousands of 
jobs at risk as local mines close unprofitable operations.

Platinum is also an important catalyst in petroleum 
refining, silicone manufacturing and the production 
of chemicals such as nitric acid (needed for fertilisers) 
and benzene (used to make plastics and many 

other products). It can improve the efficiency of fuel 
cells, and has a variety of electronic applications, 
including being a component of all computer hard 
disks. It is vital to the glass industry as it is used for 
vessels able to withstand molten glass while making 
glass fibre, liquid crystal display (LCD) screens, 
ceramic glass on stove tops, and other glass products. 
Additional uses include jewellery, investment coins 
and bars, spark plugs, laboratory equipment, 
medical implants such as pacemakers and stents, 
dental crowns and bridges, and the chemotherapy 
drugs cisplatin, carboplatin and oxaliplatin.

Platinum-related research in South Africa is largely 
focussed on optimising the process of recovering the 
metal from mined ore, as well as from tailings dumps, 
acid mine drainage and industrial effluent. Considerable 
effort is also being directed at the synthesis and 
performance evaluation of platinum nanoparticles 
for drug development and chemical catalysis.

Contact killing of hospital superbugs

Copper is a soft, reddish-gold metal with high 
electrical and thermal conductivity. For this 
reason its main application is electrical wiring, 

but it is also commonly used for plumbing, roofing, 
industrial machinery and top-quality cookware. When 
greater hardness is required, it is used in alloys such as 
brass and bronze. Brass is mainly copper and zinc, while 
bronze was traditionally copper with tin, but these 
days may include other metals such as aluminium, 
manganese, zinc and beryllium. Copper-nickel alloy – 
also known as cupronickel – is used on ships’ hulls and 
marine equipment due to its resistance to seawater 
corrosion and to fouling organisms, such as algae 
and barnacles.

A more recent application that has not yet been 
widely implemented is its use in antimicrobial touch 
surfaces, particularly in hospitals. Although touch 
surfaces like bedrails, trolleys, door knobs, countertops 
and intravenous poles are typically stainless steel, 
scratches and pits on the metal surface may harbour 

© JL Lee, NIST

Wikimedia Commons
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pathogens that remain viable for weeks. Copper has 
natural antimicrobial properties, however, and more 
than 350 registered copper alloys that contain at least 
60% copper have been shown to kill 99.9% of certain 
pathogenic bacteria, viruses and fungi within two hours 
of contact. For example, tests have demonstrated that 
they are effective against the shiga toxin-producing 
E. coli O157:H7, the influenza A virus, as well as antibiotic-
resistant ‘superbugs’ such as Methicillin-resistant 
Staphylococcus aureus (MRSA) and Vancomycin-
resistant Enterococcus (VRE). The exact mechanism of 
this so-called ‘contact killing’ is still not fully understood. 
Of course, using copper for touch surfaces does not 
preclude the need for proper cleaning and disinfecting, 
but should help reduce the incidence of hospital 
patients acquiring potentially deadly infections at a time 
when their immune systems may already be weak.

Mad as a hatter  

Mercury is the only metal that is a liquid at 
room temperature. It was traditionally used 
in thermometers, barometers, batteries, 

fluorescent lights and felt production, but has been 
phased out from these applications due to its toxicity. 
The expression ‘mad as a hatter’ to refer light-heartedly 
to an insane or crazy person is derived from the tremors 
and erratic behaviour exhibited by hat-makers in the 
latter half of the 19th century. At the time, it was common 
practice to use mercury nitrate to separate the fur from 
an animal’s pelt to make felt for hats. Thousands of 
‘hatters’ were poisoned through inhalation of mercury 
vapours until the 1940s, when hydrogen peroxide was 
used for the process instead.

Nowadays, people are more likely to experience 
mercury poisoning from consuming too much 
contaminated fish. The main source of mercury 

in aquatic systems is atmospheric deposition of 
inorganic mercury, which is converted by sulphur- or 
iron-reducing bacteria in the sediments to organic 
methylmercury. This is taken up by phytoplankton 
and other algae, and then biomagnified up the food 
chain, putting consumers of predatory fish at risk.

But how does mercury get into the atmosphere in 
the first place? While some originates from primary 
natural sources through the weathering of rocks, 
volcanic eruptions and geothermal emissions, much 
of it is from secondary natural sources, which re-emit 
mercury derived from either natural or anthropogenic 
(human-caused) sources. The oceans make the 
greatest contribution in this regard, followed by biomass 
burning. Recent studies have indicated that – on a 
global scale – the largest anthropogenic source of 
mercury emissions is artisanal and small-scale gold 
mining, closely followed by coal combustion. In 
South Africa, coal-burning power plants for electricity 
generation make the highest contribution to mercury 
emissions, but small-scale illegal mining of disused gold 
mines by ‘zama zamas’ is also cause for concern.

Mercury in the atmosphere can travel thousands of 
kilometres before being deposited in other parts of the 
world, so international collaboration in addressing the 
issue is important. The South African Weather Service 
operates a Global Atmosphere Watch Station at Cape 
Point, Cape Town, where mercury in the air and in 
rainwater samples is monitored. The observed long-term 
trends help to increase understanding about mercury 
emissions, atmospheric circulation and biogeochemical 
cycling of mercury on a regional and global scale.
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ELEMENTS OF A    SMARTPHONE
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SCREEN

BATTERY

Indium tin oxide is a mixture of indium oxide 
and tin oxide, used in a transparent film in the 
screen to conduct electricity. This allows the 
screen to function as a touchscreen.

The glass used on the majority of smartphones 
is an aluminosilicate glass, composed of a 
mix of alumina (Al2O3) and silica (SiO2). This 
glass also contains potassium ions, which help 
to strengthen it.

A variety of Rare Earth Element compounds 
are used in small quantities to produce the 
colours in the smartphone’s screen. Some 
compounds are also used to reduce UV light 
penetration into the phone.

The majority of phones use lithium ion batteries, which are 
composed of lithium cobalt oxide as a positive electrode 
and graphite (carbon) as the negative electrode. Some 
batteries use other metals, such as manganese, in place 
of cobalt. The battery’s casing is made of aluminium.

■  The graphic above shows just some of the elements  
that can be found in a smartphone. Some sources put  
the number at about 75, now that phones have got 
smaller, lighter and faster, with more capabilities and  
better battery life. Tungsten, for example, is used as a 
contact in the semiconductor of the silicon chip, and 
also provides the mass that is spun by tiny motors to 
make the phone vibrate.

These elements, often used in miniscule quantities 
in a phone, are sourced from all corners of the world. 
While tantalum mostly comes from Australia, Rwanda 
and Brazil, production of tin is dominated by China, 

Indonesia and Myanmar. Some 60% of the world’s 
potash, from which potassium is derived, is supplied by 
Canada, Russia and Belarus, whereas Australia and 
Chile account for just over 75% of mined lithium.

Reserves of some smartphone elements are very 
limited, so there is a danger that supplies will run 
out unless cost-effective recycling methods can be 
developed. Effort is also being devoted to finding 
alternatives, such as carbon nanotube coatings to 
replace indium tin oxide in smartphone touchscreens, 
given that economically exploitable reserves of 
indium will have been used up in 50 years.
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ELEMENTS OF A    SMARTPHONE
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CASING

ELECTRONICS

Magnesium compounds are alloyed to make some 
phone cases, whilst many are made of plastics. Plastics 
will also include flame retardant compounds, some of 
which contain bromine, whilst nickel can be included to 
reduce electromagnetic interference.

Tin and lead are used to solder electronics in 
the phone. Newer lead-free solders use a mix 
of tin, copper and silver.

Pure silicon is used to manufacture the chip 
in the phone. It is oxidised to produce non-
conducting regions, then other elements are 
added in order to allow the chip to conduct 
electricity.

Nickel is used in the microphone as well as for 
other electrical connections. Alloys including 
the elements praseodymium, gadolinium 
and neodymium are used in the magnets in 
the speaker and microphone. Neodymium, 
terbium and dysprosium are used in the 
vibration unit.

Copper is used for wiring in the phone, whilst 
copper, gold and silver are the major metals 
from which microelectrical components are 
fashioned. Tantalum is the major component 
of micro-capacitors.

Political instability in some countries could also disrupt 
supplies, and the ethics of sourcing elements from countries 
where human rights abuses or environmentally damaging 
practices are known to occur need to be considered. A 
new law called the Conflict Minerals Regulation will come 
into force in the European Union from the beginning of 
2021, requiring EU companies to conduct supply chain 
due diligence to ensure that tin, tantalum, tungsten and 
gold are only imported from responsible and conflict-free 
sources. These four elements – commonly grouped as 
3TG – are sometimes used to finance armed conflict, or 
are mined using forced labour.  Similar legislation exists in 

the United States. Major smartphone companies such as 
Apple, Sony and Samsung have also joined the Responsible 
Cobalt Initiative, because almost 60% of mined cobalt 
originates in the Democratic Republic of Congo (DRC), 
where child labour and appalling working conditions are 
common in artisanal and small-scale mining operations.

So take your old smartphone to an e-waste recycling 
facility when you 'upgrade' so that its elements can 
be recovered. 

The European Chemical Society has produced an interesting 
‘Element Scarcity’ graphic, with support notes and a teachers’ 
resource. See https://www.euchems.eu/euchems-periodic-table/

15www.assaf.org.za  Vol. 15 No. 1 | 2019

SMARTPHONE ELEMENTS | THEME



Isotope Geochemistry
years). They were created in a supernova – or stellar 
explosion – just before our solar system was formed.

The isotopes of carbon are 12C, 13C (both stable) and 
14C (radioactive), and their variations in reaction rates 
mean that grasses (including rice, corn and wheat) 
and marine organisms (fish, shellfish and seaweed) and 
other plants (nuts, beans, vegetables and fruit) all have 
different abundances of 12C and 13C. So if we dig up an 
ancient skeleton, we can tell something about the diet 
of that person by analysing the carbon isotopes in the 
bone collagen. The radioactive 14C, with a half-life of 
5 730 years, can be used to date organic materials up 
until about 50 000 years old. In even older materials, there 
is too little of the 14C left, but other isotopes – such as 10Be, 
with a half-life of 1.6 million years – can be used instead. 

Apart from being essential in archaeology, isotopes 
provide important information in other fields. The 
stable isotopes of hydrogen and oxygen can be used 
to trace the water cycle and understand anything 
from groundwater recharge and flow to river pollution 
and evaporation from large dams, helping us to use 
water more sustainably. Likewise, the isotopes of 
uranium are essential in dating old rocks, but are also 
useful for more recent samples such as corals, and 
for monitoring pollution from mining and ammunitions 
sites. Isotopes can be used to tell if your fruit juice has 
had cane sugar added, or if rhino horn comes from 
the Kruger National Park, where the strontium isotopes 
have different signatures to areas such as Botswana.  

Isotopes are measured in a machine called a mass 
spectrometer. As the name suggests, the mass of the 
matter is what is being measured. The sample is turned 
into an ionised gas and accelerated by electric fields 
down a flight tube. The flight tube passes through a huge 
magnet that makes the charged particles curve, but 
the heavier isotopes will curve less (because they have 
more momentum) and land in a different spot to the 
lighter ones. By measuring all of this very accurately, we 
can determine the isotope composition of substances. 
Sometimes considerable sample preparation is 
necessary, such as for organic materials, but with 
water or gases the sample is quite easily analysed.

Isotope geochemistry is an interesting field of study 
that can answer all sorts of questions, particularly 
those related to environmental and water-related 
issues, which are becoming ever more important.

Dr Roger Diamond is a hydrogeology and geochemistry 
lecturer and researcher in the University of Pretoria’s Geology 
Department. His PhD at the University of Cape Town focussed 
on the stable isotope hydrology of the Table Mountain Group.

By Roger Diamond

■ Isotopes are atoms that belong to the same element, 
but have different numbers of neutrons. For example, 
hydrogen can have 0 neutrons (protium) or 1 neutron 
(deuterium) or 2 neutrons (tritium). The mass changes 
because of the extra neutrons, so protium hydrogen, 
with only a proton, has an atomic mass of about 
1 amu (atomic mass unit), deuterium hydrogen, 
with one proton and one neutron, has a mass of 
about 2 amu and tritium, with one proton and two 
neutrons, is about 3 amu. Remember – if you change 
the number of protons, you change the element.

All three isotopes of hydrogen behave in an identical 
manner chemically. In other words, they are a clear, 
odourless, flammable gas and will react in the same way 
to form water, organic molecules and everything else 
that is familiar about hydrogen. Where the difference 
lies is that the mass of the isotope will change bond 
energies and cause small variations in reaction rates. 
For example, protium evaporates faster than deuterium. 
A sugar molecule with deuterium and protium in its 
structure will react in a cell at a different rate to a sugar 
molecule with only protium hydrogen isotopes. And a 
water molecule made of 1H1H16O will also evaporate 
faster than a water molecule with 1H2H16O or 1H1H18O.  

Some isotopes are stable, meaning they do not 
change over time, and some are radioactive, decaying 
into other elements and emitting radiation as they do 
so. Each radioactive isotope decays at a rate known as 
its half-life, which is the time taken for half of the original 
lump of matter to decay into other elements. Of all the 
isotopes mentioned so far, tritium is radioactive, with a 
half-life of 12.3 years. There is still tritium around naturally 
because it keeps being created by solar radiation 
hitting the upper atmosphere. Other radioactive 
isotopes are not being made on Earth, such as 234U and 
238U, but they are still found here because their half-
lives are very long (245 thousand years and 4.5 billion 

The three isotopes of hydrogen.  
Dirk Hünniger, Wikimedia Commons
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■ In 1991 two hikers in the Alps found a preserved 
body in a melting glacier, near the border between 
Italy and Austria. The oldest known natural mummy 
in Europe, the corpse sparked curiosity throughout 
the scientific community. He was nicknamed 
Ötzi the Iceman, and everyone wanted to know 
what kind of life he lived 5 000 years ago.

This is where isotopes became useful in decoding 
Ötzi's story. Using the variation in abundances of both 
stable isotopes and radiogenic isotopes, scientists 
were able to learn more about where Ötzi may have 
lived his life. 

The ratio of 18O atoms to 16O atoms was used to 
locate the area that provided Ötzi's water source 
when he was alive. A water molecule contains a single 
oxygen atom, which may be either of these two stable 
isotopes. When we drink water, the atoms present in 
the water molecules are deposited in our bones and 
teeth. This exchange continues in the bones throughout 
adulthood, but in the teeth the enamel is effectively 
‘sealed’ off once development is complete. This means 
that the enamel in teeth provides an isotopic record 
of aspects of childhood life, while the bones record 
the specific isotope ratios from water consumed as an 
adult. In this way, the isotopic signature – the oxygen 
isotope ratio in the water we drink – is recorded in our 
body. We can study Ötzi's bones and teeth to discover 
how much 18O was present in the water molecules 
he consumed compared to the amount of 16O. 

This can help us to locate where Ötzi lived, because 
as a water source position changes, usually so does 
the ratio of 18O to 16O in the water molecules. As water 
vapour in the air travels over land from the ocean, 
some of it will precipitate as liquid or solid water 
(ice), depending on the temperature. Because H2

18O 
is heavier, it preferentially precipitates over H2

16O. 
Precipitation in areas that are further inland and at 
higher elevations are preferentially depleted in H2

18O 
relative to H2

16O. This means that measuring the ratio of 
the number of 18O and 16O atoms in Ötzi's bones and 
teeth can commonly provide information on how far 
inland or at what relative altitudes his water sources 
were. Because the measurement of the oxygen-

isotope ratios is a differential measurement on a mass 
spectrometer (or laser absorption spectrometer), 
we express these as δ18O (delta-O-18), which 
represents the 18O to 16O ratio in a sample relative 
to that in a standard. It is calculated as follows:

δ18O = 

Ratio - Ratio

Ratio

18Oabundance
18Oabundance

18Oabundance

16Oabundance sample standard

standard

16Oabundance

16Oabundance

Scientists also obtained information about where 
Ötzi spent his life by analysing radiogenic strontium 
and lead isotope ratios. Just as oxygen is deposited 
in the body when it is consumed, a record of the 
strontium and lead isotopes can also be found in 
Ötzi's bones and teeth. Once more, deposition 
in the teeth is finished by the end of childhood 
development, while exchange continues in the 
bones through adulthood. Strontium consumed 
in the diet is constantly exchanging with ‘old’ 
strontium in the bones. This provides another way to 
track migration of a person through adulthood.

In this case, the strontium and lead isotopes 
found in Otzi’s bones and teeth originally came 
from the rocks and soil that Ötzi's food and drink 
encountered. The most likely candidates for areas 
where Ötzi lived have at least four unique types of 
rock. They have different ages and are located in 
different areas around the Ötzi mummy site. Since 
these rocks have different ages, each rock type will 
have undergone different amounts of radioactive 
decay. Studying the ratios of a radioactive isotope 
and the radiogenic isotope it decays into can tell 
us how old a rock sample is, and can therefore help 
us identify what kind of rock it is. This means that we 
can use the ratios of amounts of strontium and lead 
isotopes in Ötzi's body to give additional evidence 
about the geological area in which he lived.

Finally, an analysis of argon isotope ratios was 
performed using pieces of white mica found in Ötzi’s 
intestines. These samples of mica came from fragments 

Ötzi the Iceman
Isotopes reveal his life story



Additional information about Ötzi can be found 
on the website of Italy’s South Tyrol Museum of 
Archaeology: http://www.iceman.it/en/
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of grains Ötzi had eaten shortly before his death, so 
they represent his placement in late adult life instead 
of childhood. The 40Ar/39Ar ratios are specific to the four 
unique types of rocks previously discussed, and provide 
a measurement of the age of the rock, because the 
isotope ratios change during major geological events.  

The scientists concluded that Ötzi spent his entire 
life south of the site where he was found. In terms of 
his childhood location, the closest matches for δ18O 
values in Ötzi's teeth are in the Eisack valley, and within 
this valley, an archaeological site called Feldthurns 
is the closest match for the strontium and lead ratios. 
Excavations in this area have produced artefacts that 
were typical of the copper age, when the Iceman 
lived. However, it is easier to exclude areas than to 
pick one site as an absolute match. Other potential 
areas where Ötzi could have lived include Vinschgau, 
the lower Puster valley and the Ulten valley. 

As for his adulthood, the isotopic composition of 
Ötzi's bones is different than that of his enamel, which 
suggests he migrated during his adult life to a region 
with different soil and water isotopic compositions. 
The δ18O values become more negative, indicating 
that he moved to a higher altitude, with lower H2

18O 
precipitation. This is also indicated by the differences in 
carbon-13 ratios between his enamel and bone. Once 
again, the argon dating of mica samples indicates a 
small region, in lower Vinschgau, which includes a site 
favoured by other studies for Ötzi's adulthood: Juval.

The only problem with Juval as Ötzi's adult site is that 
the strontium and lead ratios here do not match the 
ratios in his bone samples. An alternative is that Ötzi 
may have seasonally migrated instead of moving 
to a new permanent location in his adult life. This 
seasonal movement of people and their livestock 
began in the middle Neolithic era and is still practised 
today. The decrease in δ18O from dental enamel to 
bone may represent decreasing time spent in the 
southern parts of the region, where there are higher 
δ18O values, as he aged. This suggestion is supported 
by the strontium ratios of the Iceman’s intestinal 
wall, which are similar to the enamel from his early 
childhood, and they may suggest he returned to that 
area during the last few weeks or months of his life.

 
Source: https://www.isotopesmatter.com  
The Isotopes Matter website is an initiative of the International 
Union of Pure and Applied Chemistry (IUPAC). Its interactive 
periodic table and accompanying educational materials 
were created through a partnership between IUPAC 
and King's Centre for Visualisation in Science.

A lifelike model 
of Ötzi in the South 
Tyrol Museum of 
Archaeology.
© South Tyrol Museum 
of Archaeology/
Ochsenreiter

http://www.iceman.it/en/
https://www.isotopesmatter.com


Carbon nanotubes, consisting of rolled-up sheets 
of carbon atoms, were brought to the attention 
of the global scientific community in November 
1991, when a Japanese physicist published a 
paper about their synthesis in the journal Nature. 
They have been the subject of intensive research 
since then because of their unique structural, 
mechanical and electrical properties. 

Much of the interest has been due to their 
potential to replace silicon transistors in micro-
chips, but they have a wide variety of other 
possible applications in the electronics industry. 
They are also being investigated for targeted drug 
delivery in cancer therapy, and are already used 
in products as diverse as rechargeable batteries, 
water filtration systems and lightweight sports 
equipment.

Carbon nanotubes can be single-walled, made 
up of only one rolled sheet, or multi-walled with 
multiple layers of sheets, so they range in diameter 
from less than one nanometre to more than 
100 nanometres. Compare this to a human hair, 
which is approximately 80 000 nanometres wide!
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Making massive leaps in 
electronics at nanoscale

By Schalk Mouton 

■ By chemically attaching nanoparticles of the rare 
earth element gadolinium to carbon nanotubes, 
researchers at the University of the Witwatersrand 
have found that the electrical conductivity in the 
nanotubes can be increased by incorporating 
gadolinium’s spin properties, which arise from its 
magnetic nature. To put it plainly, the presence of 
a magnet in an electron transfer media introduces 
another degree of freedom that enhances the 
electron transfer, but only if tailored precisely.  

‘Carbon nanotubes are known for their ability to 
carry a high amount of electrical current, and they are 
very strong. Electrons can move extremely fast in them, 
with speeds in the gigahertz or terahertz range, and 
when coupled to nanomagnets they greatly extend 
the functionality of the carbon nanotubes, which is 
required to advance modern technology through 
the development of high-speed spintronic devices,’ 
says Siphephile Ncube, a postdoctoral researcher 
at the Wits School of Physics and the lead author of 
the study. Her research was published in Scientific 
Reports – an international open-access journal in 
the Nature Research stable – on 23 May 2018.  

During her PhD, Ncube collaborated with a team of 
researchers from the University of the Witwatersrand, 
University of Johannesburg and the Paul Sabatier 
University in France. The researchers chemically 
attached gadolinium nanoparticles on the surface of 

the carbon nanotubes to test whether the magnetism 
increases or inhibits the transfer of electrons through 

the system. The measurements to interrogate 
the effect of magnetic nanoparticles 

on a network of multi-walled carbon 
nanotubes were carried out at 

the Nanoscale Transport Physics 
Laboratory (NSTPL) at Wits. 

This facility is dedicated 
to novel nano-electronics 
and was initiated by the 
NRF Nanotechnology 
flagship programme.

A schematic diagram 
of a multi-walled 
carbon nanotube.  
Eric Wieser, Wikimedia Commons
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Siphephile Ncube, currently a postdoctoral researcher at the Wits School of Physics, was lead author of the scientific paper entitled 
‘Kondo effect and enhanced magnetic properties in gadolinium functionalised carbon nanotube supramolecular complex’. The Kondo 
effect describes the scattering of conduction electrons in a metal due to magnetic impurities, resulting in a characteristic change in 
electrical resistivity with temperature. The effect was first described by Jun Kondo, a theoretical physicist from Japan, in the 1960s.

‘We found that the effect of the magnetic 
nanoparticles is read off in the electronic transport 
of the nanotubes. Due to the presence of the 
magnet, the electrons become spin polarised and 
the charge transfer is dependent on the magnetic 
state of the gadolinium. When the overall magnetic 
poles of the gadolinium are oppositely aligned, it 
causes higher resistance in the nanotubes and slows 
down the flows of electrons. When the magnetic 
poles are misaligned, it has a low resistance, and 
assists the electron transport,’ says Ncube. This 
phenomenon is known as the Spin Valve Effect, 
which finds wide application in the development 
of hard disk drives used for data storage.

Ncube started her research on carbon nanotubes 
as a Master’s student at the Wits School of Physics 
in 2011, where she made single-walled carbon 
nanotubes by establishing a laser-synthesis 
technique. Her work, which led to the publishing 
of various research articles in the field, was 
performed on instruments from the CSIR National 

Laser Centre Rental Pool Programme. She is also 
the first researcher in Africa to build an electronic 
device that can measure the electron transfer 
properties of the carbon nanotubes coupled to 
magnetic nanoparticles. She was funded by the 
DST-NRF Centre of Excellence in Strong Materials.

‘Ncube’s research established the great potential 
of carbon nanotubes for ultra-fast switching device 
and magnetic memory applications, a realisation we 
have been working towards since the establishment 
of the NSTPL facility in 2009,’ says Ncube’s PhD 
supervisor, Professor Somnath Bhattacharyya. ‘To 
date, modified nanotubes have demonstrated good 
spin transport for devices made from individual 
nanotubes. For the first time we have demonstrated 
spin-mediated electron transport in a network of 
nanotubes without incorporation of magnetic leads.’ 

The project is part of the objectives outlined in 
the NRF Nanotechnology flagship programme.
Schalk Mouton is a Senior Communications Officer 
at the University of the Witwatersrand



■ The surf zone is notoriously challenging for collecting 
physical and biogeochemical observations. It is a 
highly dynamic environment where features quickly 
change due to mixing by breaking waves, where 
monitoring buoys may be swept away or damaged 
by pounding surf, and where sampling from boats 
or from the shore is difficult and dangerous.  

Smartfin was developed to overcome these 
challenges by using surfers – or rather their surfboards 
– to collect a variety of data. Smartfin is a surfboard fin 
with a range of sensors for the accurate measurement 
of seawater properties. Currently in its secondary 
development stage, the Smartfin is equipped with a 
temperature recorder, a GPS and an accelerometer.

The Smartfin is motion activated, so a simple shake 
of the surfboard wakes the fin up, finds a GPS position, 
and starts collecting and recording data. The surfer 
then goes for a surf while the Smartfin collects data. 
After the surf session the surfer connects the fin to an 
inductive charger, which charges the fin back up 
and turns on a Bluetooth chip. Through an app on a 

■ Smartfin is the result of a partnership between 
non-profits, engineers and the scientific community 
in the USA. It is the brainchild of Dr Andrew Stern, a 
retired neurology professor who now devotes himself 
fully to raising awareness about the environment. 
Researchers at Scripps Institution of Oceanography 
in California got involved in 2015 to validate the 
scientific application of Smartfin in the surf zone. 
Surfrider Foundation joined the partnership in June 
2016 to provide logistical and outreach support for the 
distribution of fins to its network of surfers worldwide.

Smartfin launched its first pilot project in collaboration 
with the San Diego chapter of the Surfrider Foundation in 
May 2017. Nearly 70 Smartfins were distributed to surfers 

and ocean-activists in the San Diego area. Participants 
were asked to use the Smartfin at least twice per week 
and provide feedback and data to the Smartfin team.

In order to prove that the Smartfin sensors were 
capable of collecting data on par with traditional 
oceanographic sensors, Scripps’ scientists compared 
the temperature data collected over the course of 
the year by Smartfin participants near Scripps Pier to 
the temperature recordings of the stationary sensors 
located at the end of the pier. The data collected 
by Smartfin participants (in black) closely match the 
data from Scripps Pier (in blue), indicating that Smartfin 
output is correct, stable and reliable.  https://smartfin.org

Graphic courtesy of Dr Tyler Cyronak, Scripps Institution of Oceanography

smartphone, the data from the Smartfin can then be 
downloaded for the surfer and scientists to review.

Future versions of the Smartfin will be equipped 
with pH and salinity sensors, further expanding its 
capabilities. The data could potentially be used to 
validate coastal models and coastal satellite data. For 
example, the nearshore models would be able to use 
this data to validate wave dynamic predictions more 
accurately. In turn, the Smartfins can be validated 
against pre-existing sensors located at long-term 
monitoring sites such as Algoa Bay and False Bay.

The main goal of the Smartfin project, however, is to 
help connect the public with the ocean. The SAEON 
Egagasini team aims to do this by widely distributing 
Smartfins in South Africa, allowing surfers to monitor 
their local environment, while also becoming more 
aware of changes in the environment. If you are 
interested or would like to get involved in the Smartfin 
project, please email Jethan:  jethandh@gmail.com.
Adapted from an article by Jethan d’Hotman, Tamaryn Morris and 
Juliet Hermes in the SAEON e-newsletter, December 2018

Surfing  
for science
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■ A team of six students from the University of Cape 
Town (UCT) and the University of the Witwatersrand 
(Wits) will represent South Africa at the Student 
Cluster Competition at ISC High Performance 2019, 
an international supercomputing conference 
to be held in Germany in June. 

The students came out tops at the national Student 
Cluster Competition to build a supercomputer at the 
annual Centre for High Performance Computing (CHPC) 
conference, which took place in Cape Town in early 
December. The CHPC is a Department of Science 
and Technology (DST) initiative managed by the 
Council for Scientific and Industrial Research (CSIR).

During the competition, 10 teams of students from 
various South African universities battled it out to build 
small high-performance computing clusters on the 
exhibition floor, and demonstrate the best performance 
across a series of benchmarks and applications. 

The competition is the culmination of a process that 
begins at least six months earlier, with the deadline 
to apply to take part. A maximum of 20 teams are 
invited to a week-long workshop, where they attend 
lectures on high-performance computing and work 
on a tutorial to implement the practices taught in a 

virtual cluster hosted by the CHPC. At the end of the 
week, the teams are graded on their performance 
and the top 10 are selected for the final round.

Those 10 teams are given a price list and a budget, 
and have a month to research and submit a bill of 
materials. This hardware – provided by the CHPC and 
its industrial partners – is presented to the students 
at the CHPC conference. The teams have five days 
to build, configure, compile and run benchmarks 
on their hardware, and submit their scores.

The winning students – Dillon Heald, Stefan Schröder, 
Jehan Singh and Clara Stassen from UCT, and Anita 
de Mello Koch and Kaamilah Desai from Wits – each 
received a Dell Vostro 15 notebook as their prize. 
The CHPC will now train them for the international 
competition, where the emphasis is on efficiency rather 
than only high benchmark scores. The training includes 
a trip at the end of January to the Dell headquarters 
in the USA, where the students will interact with Dell 
and Texas Advanced Computer Centre engineers.

South Africa has been participating in the international 
competition since 2013, and won it in 2013, 2014 and 
2016, came second in 2015 and 2017, and third in 2018.
Source: CSIR media release, UCT News and Dell EMD

Students show their 
computing superpowers

UCT students Clara Stassen, Stefan Schröder, Jehan Singh and Dillon Heald with the notebooks awarded by Marc Layne of Dell EMD 
as prizes for winning the CHPC Student Cluster Competition.
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■ The quest to visualise the smallest of smallest 
components of our surroundings, in conditions closest 
to their natural circumstances, has been key to some 
of the most astonishing discoveries in the 21st century. 
It is especially important in the biological and medical 
fields to see what happens inside cells, bacteria and 
living organisms, not only to understand the world 
around us, but also to improve treatment strategies, 
develop new drugs and increase food quality. 
And with the drive to implement nanotechnology in 
several areas of development, the need to visualise 
things at nanoscale is also becoming essential.

Lighting up  
what we cannot see

While electron microscopy offers the best resolution 
– making objects as small as atoms visible – it does 
not allow visualisation of live cells and requires 
considerable sample preparation. Another technique, 
called fluorescence microscopy, is growing in 
popularity because different molecules can be 
viewed in different colours, often in live conditions. 
Various types of fluorescence microscopes, ranging 
from simple epifluorescence microscopes to more 
complicated designs such as confocal and light-sheet 
microscopes, are used routinely in research today. 

A fluorescence microscope is a specialised type of 

Dumisile Lumkwana, analyst in the CAF Fluorescence Microscopy Unit at Stellenbosch University, acquiring fluorescence images for 
students on the Zeiss LSM780 ELYRA PS1 confocal super-resolution microscope.
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Lize Engelbrecht shares some useful 
applications of fluorescence microscopy
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light microscope that uses fluorescence to generate 
an image. The specimen is illuminated with light of a 
specific wavelength, which is absorbed by certain 
molecules in the specimen, causing them to emit 
light of a different colour than the absorbed light. 
The illumination light is often from lasers in higher-end 
microscopes, but could also be from xenon-arc or 
mercury-arc lamps in the case of epifluorescence 
microscopes. Sometimes specimens naturally contain 
these fluorescent molecules (‘autofluorescence’), but 
usually fluorescence molecules, called fluorophores 
or fluorochromes, need to be added to the samples 
to label the molecules of interest. In some cases, 
cells can also be genetically modified to express so-
called fluorescence proteins in conjunction with the 
proteins of interest, to make those proteins visible. 

In the Fluorescence Microscopy Unit of the 
Central Analytical Facilities (CAF) at Stellenbosch 
University, a state-of-the-art confocal super-
resolution microscope, originally funded by the DST 
National Equipment Programme, is available to 
researchers, students and industry representatives 
to view samples from a range of sources.

 The staff of the unit, Lize Engelbrecht and Dumisile 
Lumkwana, have imaged samples ranging from 
nanoparticles synthesised by polymer chemists to 
toothbrush bristles for dentistry. They work often with 
bacteria, yeast, fungi and cell cultures, but many 
tissue samples from human patients, animals and 
plants are also brought to the unit to be imaged. 

Fluorescence microscopy 
for a healthier society

Globally, the main use of fluorescence microscopy 
is for medical research. This is also the case at the 
CAF Fluorescence Microscopy Unit. Some of the 
main diseases investigated by the users of the 
laboratory are tuberculosis, malaria, Alzheimer’s 
disease, diabetes mellitus and cancer. 

Tuberculosis
Various studies on the bacterium causing tuberculosis, 
Mycobacterium tuberculosis, incorporate confocal 
microscopy. Novel genes found in the TB bacteria 
can be deliberately modified to investigate the 
function of the proteins they produce. The only 
way to make these proteins visible for microscopy 
would be to label them with fluorescence, or to 
insert the genetic material for fluorescent proteins – 
such as mCherry (red) or Green Fluorescent Protein 
(GFP, green) – amongst these genes. The effects 
of treatment strategies on the bacterium itself can 
also be visualised, and diagnostic devices tested. 

Malaria
The infection of red blood cells with malaria has 
also been investigated in the unit. Malaria has 
different stages, called ring stage, trophozoite 
stage and schizont stage, after which the red 
blood cells burst open and release merozoites that 
will infect new red blood cells. These stages can 
easily be visualised with confocal microscopy. 

Alzheimer’s disease 
Members of the Neuro Research Group at 
Stellenbosch University, headed by Professor 
Ben Loos, use cell cultures to study the causes of 
Alzheimer’s disease and to find better treatments to 
slow down disease progression. In affected people, 
cell degeneration occurs in parts of the brain, 

Neuronal cells labelled to show the actin filament network 
(purple), the tubulin network (green), the mitochondrial 
network (red) and the cell nucleus (blue). The cytoskeleton and 
mitochondrial network of these cells are often compromised in 
Alzheimer’s disease. © Dumisile Lumkwana

Super-resolution microscopy images of the intra-erythrocytic 
stage (within red blood cells) of the malarial parasite, 
Plasmodium falciparum, stained with trypan blue (red) and 
neutral lipid-binding fluorescent dye LipidTOX (green).  
© Adrienne Leussa
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eventually destroying memory and other important 
mental functions. The disease is caused by certain 
proteins malfunctioning, so they form plaques in 
the brain. Inside cells, the mitochondrial network 
and stability of the cytoskeleton are compromised. 
The cytoskeleton is made of filamentous proteins, 
including tubulin and actin, and these are being 
investigated at the Fluorescence Microscopy Unit. 
Brain tissue is also being studied, using a protocol 
called ‘clarity’ to make samples translucent enough 
for light to pass through, followed by fluorescent 
labelling of only the interesting structures, such 
as blood vessels or neurons. This could increase 
insight into the disruption of the neuronal network in 
Alzheimer’s patients.

Diabetes mellitus
Blood clotting is an important process in the human 
body, but in people with diabetes mellitus there is a 
higher tendency for blood clotting to a dangerous 
level. Professor Resia Pretorius and her physiology 
students at Stellenbosch University study the nature 
of blood clotting in diabetes mellitus and other 
conditions, including Alzheimer’s disease, Parkinson’s 
disease and pregnancy. They also endeavour 
to find treatments that would prevent excessive 
blood clotting. Certain molecules in these blood 
clots can be labelled with fluorescent markers, 
enabling the researchers to study the proteins in 
the clots, as well as the shape and size of the clots. 

Cancer
Many cancer researchers are now growing cancer 
tumours in 3D cultures, called spheroid cultures, 
to investigate their properties in more natural 

conditions. By staining certain components of the 
spheroids, one can investigate the functionality 
of the tumour in real time, and also determine the 
efficacy of different cancer treatments. 

Fluorescence microscopy 
for sport sciences

Even for sport-related research, fluorescence microscopy 
provides some insight, especially when studying 
inflammation, the regeneration of muscle after injury, 
and the connection between the nervous system 
and muscle. 

Inflammation
After injury there is an invasion of inflammatory cells, 
which can be labelled for their specific markers. 
Scientists then use microscopy to follow the progress and 
clearing of the inflammation over time and in different 
conditions, especially in studies on antioxidants or anti-
inflammatory medicine. 

Regeneration of muscle after injury
A group of physiologists led by Professor Kathy Myburgh 
is using confocal microscopy in investigating the 
regeneration of muscle after injury. Satellite cells are 
small cells found amongst muscle fibres that quickly 
proliferate through division and move to an injury site 
to repair damaged fibres. They do this by fusing to the 
muscle or to each other to make new fibres, but there 
is a race between this repair process and the formation 
of scar tissue, which would ultimately determine how 
fast and how well a sportsperson could recover from 
such an injury. The researchers study these satellite 
cells to determine the conditions under which they 

A cross-section through muscle fibres, with many nuclei (blue) 
localised on the periphery of each fibre (green). Small satellite 
cells (red) are 'on standby' to repair damage to muscle fibres 
after an injury. © Cameron Sugden
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A spheroid of cells representing a glioma – a tumour found in 
the brain or spinal cord – cultured for 72 hours. © Jurgen Kriel



would best be able to repair the damage. Another 
group is attempting to develop a cellular shuttle, using 
inflammatory cells called macrophages as vehicles. The 
confocal microscope is used for long time-lapse studies 
to investigate the capability of macrophages to engulf 
other particles or cells in order to offload these contents 
elsewhere in the body. Perhaps one day this method 
could be used as a stem cell therapy to enhance 
recovery from injury.

Connection between neurons and muscle
The neuromuscular junction – the place on the muscle 
fibre where an impulse from the nervous system is 
transferred to the muscle – can be labelled with 
fluorescent-labelled bungarotoxin. This toxin is found in 
the venom of the Taiwanese krait snake, and usually 
binds to molecules of the neuromuscular junction to 
paralyse the snake’s victim. By investigating changes 
in the structure of the neuromuscular junction during 
disease or injury, better recovery strategies and medicine 
can be developed. 

Effect of oxidative stress on fruit quality 
Fluorescent markers for oxidative stress have been used 
in the unit to assess storage conditions for apples that 
would prevent loss of quality, and also to determine 
whether the position of a bunch of grapes on the vine 
could cause different levels of oxidative stress.  Similar 
studies have been performed on pomegranates to 
investigate oxidative stress after the fruit have fallen from 
different heights on the tree. 

Wax and oily products
Another application of fluorescence microscopy is the 
labelling of waxy or oily types of molecules. A substance 
called Nile Red, for example, can be used to measure 
the thickness and condition of the wax layer of fruits such 
as pomegranates or nectarines. The dye can even be 
used to test products such as Vaseline or other skincare 
creams. In one such study, different creams were used 
on skin biopsies and the depth of penetration into the 
skin was visualised with the confocal microscope.

For more information on any of these projects, 
or for enquiries about fluorescence microscopy 
at Stellenbosch University, please contact Ms Lize 
Engelbrecht (lizeb@sun.ac.za, 021 808 9327, www.sun.
ac.za/caf). Training and support for research projects 
can be provided, as well as method development in 
more advanced microscopy techniques.

Lize Engelbrecht completed her MSc: Physiological Sciences 
at Stellenbosch University in 2012, and is now Manager of the 
Fluorescence Microscopy Unit.

Wine yeast cells contain chitin in their cell walls, specifically 
in the region of the bud scar, where cell division previously 
occurred. Increased levels of chitin in the cell wall are 
reported to reduce wine haze. © Thulile Ndlovu

Neuromuscular junctions on muscle fibres are labelled 
using toxins in snake venom, tagged with green fluorescent 
molecules. The actin (protein) filaments of the muscle fibres 
are labelled using a toxin from mushrooms, tagged with red 
fluorescent molecules. © Lize Engelbrecht

Fluorescence microscopy for the market

Fluorescence microscopy is also useful for many projects 
conducted at Stellenbosch University to improve 
products for human consumption or other household 
use. Natural processes, such as the pollination of 
honeybush flowers, have been studied too. 

Wine yeast
Students supervised by Professor Florian Bauer from the 
Institute for Wine Biotechnology use confocal microscopy 
to investigate wine yeast, which is important for the 
fermentation process. In a study to reduce wine protein 
haze, they found that using yeast cells with high levels of 
chitin in their cell walls resulted in much clearer wine. This 
was because the cells were binding grape chitinases, 
the enzymes believed to be the major proteinaceous 
contributor to haze formation. The researchers therefore 
proposed that yeast cells with high chitin levels 
should be investigated for use as clarifying agents. 

27www.assaf.org.za  Vol. 15 No. 1 | 2019

MICROSCOPY | FEATURE

http://www.sun.ac.za/caf
http://www.sun.ac.za/caf


NEWS | SANSA

28   Vol. 15 No. 1 | 2019 www.assaf.org.za

SANSA joins 
Sun-monitoring 
network
■ The South African National Space Agency (SANSA) 
has joined the international network e-CALLISTO 
for observing the Sun with radio spectrometers. 
CALLISTO stands for ‘Compound Astronomical Low 
cost Low frequency Instrument for Spectroscopy and 
Transportable Observatory’, and was initiated by a Swiss 
radio engineer named Christian Monstein in 2003. Today 
there are more than 150 instruments at over 90 locations 
worldwide, allowing continuous monitoring of the Sun’s 
radio spectrum. The data recorded by the instruments 
are sent to a central database, which is accessible 
through a public website interface.

Although the project started in June 2014 at SANSA, 
the South African node of the e-CALLISTO network 
was finally installed in Sutherland and switched on 
in September 2018. This followed a lengthy process 
of design, implementation and site selection, which 
involved moving the site from Hermanus due to high 
radio frequency interference (RFI). SANSA engineers 
developed the antenna, low-noise amplifier and Sun-
tracking system for the instrument, while the e-CALLISTO 
PI Institution donated the radio receiver and software to 
ensure compatibility with the global network.

The data will be used at SANSA’s Space Weather 
Centre in Hermanus to detect radio bursts associated 
with solar flares and coronal mass ejections (CMEs). 
Space Weather Practitioner Mpho Tshisaphungo notes 
that SANSA could not previously observe CMEs in near-
real time or over a long period, because most of the 
data came from NASA satellites. 
Adapted from: SANSA News, www.sansa.org.za

storms,’ explains SANSA MD, Dr Lee-Anne McKinnell. 
‘Delicate electronics can also be damaged, and 
radiation exposure poses a hazard for crew and 
passengers, especially for long-haul flights.’ 

Recognising the threat to flight safety, ICAO has 
recommended that all aviation providers become 
familiar with the impacts of space weather, and has 
requested that pertinent space weather information be 
filed with flight plans in the near future. In the meantime, 
three global centres and two regional centres have 
been appointed to service the sector. The global 
centres (USA, the Pan-European Consortium PECASUS, 
and the Australia, Canada, France and Japan 

The International Civil Aviation Organisation (ICAO) 
has selected SANSA as one of two regional centres 
to provide space weather services to the global 
aviation sector. 

High-frequency radio communication, as well as 
ground and air-based navigation systems, can be 
affected or knocked out entirely by space weather 

Serving the 
aviation sector

e-CALLISTO
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There are many kinds of eruptions on the Sun. Solar flares 
and coronal mass ejections (CMEs) both involve gigantic 
explosions of energy, but are otherwise quite different. 
The two phenomena do sometimes occur at the same 
time – indeed, the strongest flares are almost always 
correlated with CMEs – but they emit different things, 
they look and travel differently, and they have different 
effects near planets.

Both eruptions are created when the motion of the 
Sun’s interior contorts its own magnetic fields. Like the 
sudden release of a twisted rubber band, the magnetic 
fields explosively realign, driving vast amounts of energy 
into space. This phenomenon can create a sudden 
flash of light -- a solar flare. Flares can last minutes to 
hours and they contain tremendous amounts of energy. 
Travelling at the speed of light, it takes eight minutes for 
the light from a solar flare to reach Earth. Some of the 
energy released in the flare also accelerates very high 
energy particles that can reach Earth in tens of minutes.

The magnetic contortions can also create a different 
kind of explosion that hurls solar matter into space – 
these are the CMEs. One can liken the explosions to 
those of a cannon. The flare is like the muzzle flash, 
which can be seen anywhere in the vicinity, while the 
CME is like the cannonball, propelled forward to affect 
only a targeted area. The CME is an immense cloud of 
magnetised particles, hurled into space. Travelling over 
a million miles per hour, the hot material called plasma 
takes up to three days to reach Earth. The differences 
between the two types of explosions can be seen 
through solar telescopes, with flares appearing as a 
bright light and CMEs appearing as enormous fans of 
gas, swelling into space.

Flares and CMEs have different effects at Earth as 
well. The energy from a flare can disrupt the area of the 
atmosphere through which radio waves travel. This can 

lead to degradation and, at worst, temporary blackouts 
in navigation and communications signals.

On the other hand, CMEs can funnel particles into 
near-Earth space. A CME can jostle Earth’s magnetic 
fields, creating currents that drive particles down toward 
Earth’s poles. When these react with oxygen and 
nitrogen, they help create the aurora, also known as the 
Northern and Southern Lights. Additionally, the magnetic 
changes can affect a variety of human technologies. 
High-frequency radio waves can be degraded, so 
radios transmit static, and GPS coordinates stray by a 
few metres. The magnetic oscillations can also create 
electrical currents in utility grids, with potential to 
overload electrical systems when power companies are 
not prepared.
By Max Gleber, NASA’s Goddard Space Flight Centre 

Solar flares and CMEs  – what’s the difference?

A coronal mass ejection (CME) as it blasts more than a billion 
tons of matter out into space at millions of kilometres per hour. 
©  ESA/NASA/Soho

Consortium) have begun to deliver on the requirements, 
while the regional centres (South Africa and a joint 
Russia-China centre) will have until 2022 to build the 
necessary capability.

SANSA will partner with PECASUS to provide ICAO 
with space weather information for the African region. 
PECASUS – an acronym for Pan-European Consortium 
for Aviation Space Weather User Services – involves nine 
European countries, and partnering with it will provide 
South Africa with better access to international models 
and expertise.

SANSA has been developing space weather services 
over the past nine years, and its Space Weather 

Centre in Hermanus was recently upgraded. Real-time 
monitoring and forecasting of space weather allows 
it to provide a range of services to national power 
facilities, the Defence Force and other clients. Over 
the next few years, it will be working closely with the 
Air Traffic Navigation Service (ATNS), the South African 
Weather Service (SAWS), the Civil Aviation Authority 
and other applicable aviation partners to investigate 
the implications of the ICAO recommendation to the 
African aviation sector.  

For more space weather information, see: 
https://spaceweather.sansa.org.za/ 
Issued by: Catherine Webster, Communication Practitioner, SANSA



Security officers at the University of the Western Cape use golf carts powered by hydrogen fuel cells for campus patrols. © Harriet Box, UWC
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■ What makes hydrogen fuel cell technology so great? 
Well, it’s reliable, flexible, efficient, noiseless (because 
there aren’t many moving parts involved)...and it’s very 
environmentally friendly – when hydrogen is burned, 
the waste product isn’t carbon dioxide, but good 
clean water.

And nobody knows hydrogen fuel cell technology 
like the Hydrogen Systems Centre of Competence 
South Africa (HySA) at the University of the 
Western Cape (UWC).

Nicklaus Kruger explains the benefits of hydrogen – 
the king of the elements – as a fuel for the future 

‘South Africa is facing an energy crisis, and we 
need to look at ways of providing sustainable 
energy for a growing population and a growing 
economy,’ says HySA’s Acting Director, Dr Sivakumar 
Pasupathi. ‘At the same time, we need to look 
at the global picture and consider the impacts 
of climate change – we need to think green. The 
HySA Programme provides a way for us to navigate 
towards a hydrogen and fuel cell infrastructure, 
one that can change our lives for the better.’

HYDROGEN 
POWER
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A few fun facts you may not know about hydrogen

• It’s the most abundant element in the 
universe (90% of all atoms are hydrogen 
atoms), but it’s actually rarely found in nature 
– because it tends to form compounds 
with other elements (like joining with 
oxygen to form water, for example). 

• It’s the lightest gas (and indeed 
element) of them all.   

• It has no smell, colour or taste. 

• It’s a gas at normal temperatures and 
pressures, but condenses to a liquid 
at a comfy temperature of -253°C, 
and becomes solid at -260°C.

• Oh, and the most important fact: it’s really, 
really flammable. So leave the hydrogen 
power production to the experts, okay?
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Here are just a few of the ways HySA is using 
hydrogen fuel cell technology (HFCT).

Carting around campus: HySA’s fleet of HFCT-
powered golf carts (the first of their kind in SA) has 
been put to good use, allowing campus security and 
other staff (and lucky students) to zip around campus 
with ease (and without pollution, or noise). They’re not 
just cool – they’re useful, too...and those savings in 
power and emissions soon add up (one reason UWC 
has thrice been named Africa’s Greenest Campus).

Heavy (fork) lifting: In partnership with Implats and DST, 
HySA unveiled South Africa’s first prototype hydrogen 
fuel cell forklift and refuelling station. The forklift has 
lower noise levels, facilitates longer operational times 
between refuelling, and enables swifter refuelling 
times (only seven minutes), ensuring increased 
productivity. Implats plans to use hydrogen fuel cell 
technology as its main source of energy for material 
handling and underground mining equipment.

Taking to the skies: Air travel is a big deal – with global 
demand for air transport doubling every 15 years, 
nearly 30 000 new large aircraft will be needed in the 
next 20 years. But jet fuel is expensive and produces 
a lot of CO2. HySA Systems, the National Aerospace 
Centre and Airbus are looking to the future, conducting 
research into using hydrogen fuel cells to replace 
the small gas turbines called auxiliary power units, 
which are used for generating on-board electrical 
power and heat while the aircraft is on the ground.

Reserve power: UWC’s Nature Reserve houses 
some very unique flora and fauna (as well as 

researchers and folks looking to relax for a bit). 
HySA’s HFC Power Generator provides continuous 
power to the UWC Nature Reserve building, and 
is the first such unit developed almost entirely in 
South Africa. The unit uses hydrogen to generate 
electrical power, producing environmentally friendly 
energy to a rather unique environment – without 
disturbing the animals, since it’s noiseless.

Nicklaus Kruger is a writer in UWC’s Media Department 

A fuel cell is composed of 
an anode, a cathode and an 
electrolyte membrane. It works 
by passing hydrogen through the 
anode and oxygen from the air 
through the cathode. At the anode 
site, the hydrogen molecules are 
split into electrons and protons. The 
protons pass through the electrolyte 
membrane, while the electrons 
are forced through a circuit, 
generating an electric current 
and excess heat. At the cathode, 
the protons, electrons and oxygen 
combine to produce water 
molecules. Individual fuel cells can 
be compiled on one another to 
form stacks, which in turn can be 
combined into larger systems. 
Source: Fuel Cell & Hydrogen Energy Association 
www.fchea.org/fuelcells/
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■ Five South African teams competed against 
teams from the Netherlands, Switzerland, Japan and 
Hong Kong in the 2018 Sasol Solar Challenge, held in 
September. The event, which takes places every second 
year, sees teams design and build their own solar-
powered vehicles to drive across South Africa. The aim is 
to cover as much ground as possible each day before 
the vehicle runs out of ‘vooma’ from the sun’s energy, 
and is loaded onto the team’s trailer for transport 
to the finish line. 

The 2018 event was an eight-day challenge from 
Pretoria to Stellenbosch, and the nine participating 
teams collectively clocked 16 249 km, stopping in 18 
towns along the way. The winner was once again team 
Delft University from the Netherlands, who had returned 
to defend their 2016 title. They completed 4 030 km 
in their high-tech car, Nuna 9S, but did not manage 
to beat their record of 4 716 km, set in 2016. Right 
behind them with 3 941 km was team Tokai University 
from Japan – winners of the 2008, 2010 and 2012 
solar challenges.

The top South African finisher, with 2 397 km, was team 
Tshwane University of Technology, competing for the 
fourth time. The other local participants were team North 
West University (South Africa’s top finisher in 2016), team 
Cape Peninsula University of Technology, team Central 
University of Technology and team Sonke (all first-time 
entrants). Sonke was a combined team from St Alban’s 
College and St Augustine’s LEAP School, South Africa 
being one of the few countries where high-school teams 

Solar vehicle vooma!
are permitted to compete in what is typically a university 
challenge. Some 50 learners were involved in building 
the team vehicle under the guidance of a steering 
committee of parents, staff and former students with 
expertise in aerodynamics, mechanics and electrical 
engineering. During the event, the learners assisted 
with edutainment activities that Sasol had organised for 
visiting schools along the way.

Outreach also became a major focus for team Central 
University of Technology from Bloemfontein, after they 
experienced some technical glitches that kept their 
vehicle off the road for much of the event. 

‘The cars look so futuristic that it’s fun for kids just to 
see them, but we wanted to give them a little taste of 
what it’s like to drive one, and also show how cool it is 
to do mechanical and electrical engineering,’ explains 
team spokesperson, Nico Nicholaisen. ‘So we put a 360° 
camera in the cockpit of NWU’s car to film it going round 
a slalom course, and processed the footage to use in 
some virtual reality (VR) goggles. They got to experience 
how it feels to sit in that tiny cockpit with all the buttons 
and gadgets.’

‘They absolutely loved it – VR is a weird sensation so 
they were freaking out and laughing! They were standing 
in rows to see what was happening in those goggles!’

The solar challenge, which first took place in 2008, 
has been sponsored by Sasol since 2012 as part of 
its commitment to furthering science, technology, 
engineering and maths (STEM) education, and to 
inspire learners to pursue technical careers.
www.solarchallenge.org.za

Team Central University 
of Technology at Cape 
Agulhas lighthouse with 
their solar vehicle named 
Pere ea letsatsi, which 
means ‘horse from the sun’. 
The vehicle was unique 
among the challenge entries 
in that the photovoltaic 
panels were protected 
under a plexiglass dome.
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■ The Nelson Mandela University’s Eco-Car Team were 
again crowned champions in the ‘internal combustion’ 
category at the 2018 Shell Eco-Marathon: South Africa 
– for the third time in a row! The event, which was 
co-hosted by the University of Johannesburg, took 
place on 25–28 October at the Zwartkops Raceway in 
Mid-Rand, Gauteng. 

The Shell Eco-Marathon is a global competition that 
challenges high school and university students to design, 
build and drive the most energy-efficient vehicle. 
It began in Europe in 1985 but expanded to other 
continents, with the first South African event held in 2014. 
The 2018 event saw 13 teams competing, including 
three from universities in Nigeria and Namibia. 

There are three energy categories: internal 
combustion engine (petrol, diesel or ethanol), hydrogen 
fuel cell and battery-electric.  A R10 000 prize is up for 
grabs for the winner in each category, travelling the 
furthest distance on the least amount of propulsion 
energy consumed. Each team has eight attempts, but 
an attempt is declared invalid if four laps of the course 
have not been completed in 25 minutes. 

In the internal combustion engine category, all three 

Eco-Car champs win again
entries used Shell’s standard unleaded 95 petrol. The 
Nelson Mandela University set a new event record of 
220 km/l for a petrol engine vehicle, which is equivalent 
to a standard car with a 70 litre tank managing to drive 
15 393 km without refilling! This was a 20% improvement 
on their 2017 result, and an overall 73% improvement 
on their first attempt in 2016. The team had introduced 
several new innovations for their 2018 entry, including 
metal 3D-printed titanium parts, a bespoke telemetry 
system, and a lightweighting regime that shaved a 
further 5 kg off the previous year’s vehicle.

The battery-electric category had eight competing 
teams, four of which were from the University of 
Johannesburg. First prize went to the Hoërskool Florida 
team, who also won the Safety award, earning them 
another R2 000! There were only two entries in the 
hydrogen fuel cell category, both from the University 
of Johannesburg, with team UJ V^2-Over-R declared 
the winner.

The Spirit and Perseverance award was won by the 
Namibia University of Science and Technology team, 
and the Technical Innovation award by the Curro 
Krugersdorp High School team.

The Nelson Mandela University’s 
Eco-Car Team with their fuel-efficient 
internal combustion vehicle at the 
2018 Shell Eco-Marathon.
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By Julie Coetzee

■ The Centre for Biological Control (CBC) at Rhodes 
University created much excitement in October with 
the release of a biological control agent, the fly 
Hydrellia egeriae, to control the Brazilian waterweed, 
Egeria densa. This took place at the Nahoon River in 
East London, witnessed by about 50 people from the 
environmental sector, the media and the CBC.

The release was a momentous occasion for the 
CBC, as well as the biological control community 
at large, because:

• It was the first release globally of a control agent 
against Brazilian waterweed – a significant aquatic 
weed elsewhere in the world, and emerging as 
one in South Africa

• It was the first release against a submerged 
aquatic weed in South Africa

• It was the first release of a control agent 
developed by the CBC, which was established just 
less than one year previously, on 2 November 2017.

Brazilian waterweed is native to South America, 
but has been distributed throughout the world by the 
aquarium trade. It is considered a good ‘oxygenator’ 
plant for fish tanks, and is also frequently used in school 
experiments, but improper disposal can initiate new 
infestations. This is because the weed reproduces 
vegetatively, which means that any plant fragment 
– even as small as a centimetre – can develop into 
a new plant. A rapid growth rate allows the weed to 
form dense monoculture stands that choke freshwater 
bodies, change ecosystem functioning and reduce 
recreational activities such as boating, fishing and 
swimming. First recorded in South Africa in 1963, it has 
since become established in freshwater bodies in the 
Western Cape, Eastern Cape and KwaZulu-Natal.

The biological control agent that was released is a 
leaf-mining fly in the family Ephydridae. Adults live on 
the water surface and females lay eggs on protruding 
leaves of the Brazilian waterweed. The fully aquatic 
larvae mine and feed on the leaf tissue, which reduces 
the plant’s photosynthetic capacity and induces 
secondary infection. This damage negatively impacts 
the plant and reduces its biomass and invasive impact 
in a water body. It was these larvae (about 10 000 
of them!) that were released into the Nahoon River, 
having been mass-reared at a facility in Grahamstown.

But how do we know that the insect won’t start 
eating something else? Some 70% of herbivorous 
insects are specific to their host plant, which means 
that they can only feed, survive and reproduce on 
one species of plant, or closely related plants. Potential 
control agents are tested extensively in quarantine 
to make sure that a) they are host specific, feeding 
only on the target weed, and b) they are sufficiently 
damaging to reduce the vigour of the plant.

Rosali Smith, currently doing her PhD at the CBC, 
did all of the testing of the fly Hydrellia egeriae for her 

© Robert Vidéki, Doronicum Kft., Bugwood.org
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Masters degree, which she started in December 2015. 
After satisfying the above conditions, an application 
for release was submitted in 2017, and permission was 
granted in mid-2018. Rosali has had many mentors 
along the way, including Dr Willie Cabrera Walsh from 
FUEDEi in Argentina, who first collected the fly and sent 
it to California; Dr Rosie Mangan, an Irish postdoctoral 
fellow based in the CBC laboratory, who gave Rosali 
incredible support for this project, and colleagues from 
the USA, who provided advice and troubleshooting 
along the way. So it was a truly international collab-
orative programme, which is inherent in weed 
biological control work.

With the release of the biological control agent, the 
CBC team aims to see a reduction in the density of this 
weed, and the recovery of indigenous flora and fauna. 
Further releases will be made around the country, and 
regular post-release monitoring will be conducted to 
determine where the fly has established and to assess 
its levels of damage.

Prof. Julie Coetzee is Deputy Director of the Centre for 
Biological Control, and an Associate Professor of Botany at 
Rhodes University. She completed her PhD at the University 
of the Witwatersrand in 2003.

Julie Coetzee gives background information on biological 
control to assembled guests. © Kim Weaver

Rosali Smith releases the fly larvae into the Brazilian waterweed-infested Nahoon River in East London. © Kim Weaver
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Winner of the Engineering category, Nicole Neyt, with 
Dr Hugh Cowley of the Royal Society of Chemistry.

Chemistry 
conference 
via Twitter

the batch process from 27% to 45%, while reducing the 
production time from 132 hours to 44 hours. The in-line 
triturator she developed allowed for in-line purification 
as well as solvent swapping, which was needed to 
overcome solvent incompatibilities between stages. In 
addition, a novel metal- and hydrogen-free method 
for performing reductions was developed, making the 
process more environmentally friendly.

Nicole’s poster had already won second prize at the 
2018 SelectBio Flow Chemistry Europe conference in 
February 2018. Her paper on this research, co-authored 
with her supervisor, Dr Darren Riley, was published in the 
February 2018 issue of the Royal Society of Chemistry’s 
journal Reaction Chemistry and Engineering, and was 
selected as the cover article.

In the Twitter Poster Conference, the most colourful 
and accessible winning poster was undoubtedly the 
contribution by Luke Wilkinson from the Department of 
Chemistry at Loughborough University in England. He 
won first prize in the Materials category for his poster ‘Is 
my circuit board wet?’, which explains his PhD research 
on encapsulation resins for circuit boards.

The 2019 Twitter Poster Conference will be held 
on 5–6 March 2019. This year, two more subject 
areas have been added, so the full list is as follows:

• Analytical 
• Catalysis 
• Chemical and Biology Interface
• Chemistry Education 
• Energy and Sustainability 
• Engineering 
• Environmental 
• Inorganic 
• Materials 
• Nanoscience 
• Organic 
• Physical.

For more details, see the Royal Society of Chemistry website, 
www.rsc.org, or the Twitter feed https://twitter.com/RoySocChem.

■ The Royal Society of Chemistry has hosted a Twitter 
Poster Conference for the past few years, inviting 
participants to submit posters based on their research in 
the chemical sciences via Twitter. These online events – 
the first of their kind – allowed people all over the world 
and at all stages of their careers to share their research, 
network with other chemists and engage in scientific 
debate, without having to travel.

The 2018 event achieved a record 1 912 poster 
contributions and 6 715 Tweets. Participants could enter 
their posters in any of 10 different subject areas, and 
prizes for the best posters were awarded by a scientific 
committee. Winners of first prizes received £100, while 
winners of second prizes were given a £50 Royal Society 
of Chemistry book voucher. 

Nicole Neyt, a PhD student in the Riley Research 
Group in the University of Pretoria’s Chemistry 
Department, won first prize in the Engineering 
category for her poster ‘Trituration under batch-
flow hybrid conditions: A total synthesis of the 
antipsychotic clozapine’. 

Nicole’s research aimed to develop a hybrid process 
that would make use of the best aspects of flow and 
batch chemistry. Although continuous flow processes 
have become the norm for producing high-volume 
and low-cost materials such as petrochemical and 
commodity chemicals, the pharmaceutical industry 
has lagged behind. Most production is still undertaken 
in batch processes that rely on stirred tank reactors, 
but variations between batches often cause quality-
control concerns. Continuous processing, where 
chemical synthesis is conducted in a continuous flowing 
stream in tubular and micro-reactors, offers many 
advantages. These include improved heat and mass 
transfer, reduced reaction residence times, improved 
safety, direct scalability and improved ‘greeness’ – or 
environmental sustainability. The technology does not 
solve all of the inherent shortcomings associated with 
batch processing though, and comes with its own 
challenges, so a hybrid process may be the answer.

Nicole’s poster explained her novel batch-flow hybrid 
process for the synthesis of clozapine, a pharmaceutical 
drug used for the treatment of schizophrenia and 
Parkinson’s disease. The process improved yield over 
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Three 
Minute 
Thesis

■ Capetonians have been encouraged to limit 
their showers to two minutes during the drought, 
but more than a decade ago, when the Australian 
state of Queensland was in the grip of its own severe 
drought, many residents used three-minute egg-
timers to curtail the duration of their showers.

This gave the then Dean of the University of Queens-
land’s Graduate School, Professor Alan Lawson, 
the idea of organising a competition for postgrads 
to explain their research in just three minutes. The first 
Three Minute Thesis competition – now trademarked 
as 3MT – was held at the university in 2008, and 
subsequently promoted to other Australian and New 
Zealand universities. Today, 3MT competitions are 
held in more than 600 universities and institutions in 65 
countries around the world, but only PhD students are 
eligible to take part. The rules stipulate that they should 
use easily understandable language, appropriate for 
a non-specialist audience, and may use no more than 
one PowerPoint slide, with no other resources or props.

The finals of South Africa’s most recent 3MT event 
were held in October, following selection rounds at the 
five universities that participated – University of the Free 
State (UFS), University of Johannesburg (UJ), University 
of Cape Town (UCT), University of KwaZulu-Natal 

(UKZN) and Durban University of Technology (DUT). The 
winner and runner-up from each of those rounds were 
eligible for the national competition, hosted by UFS, 
so 10 PhD students competed against one another. 

The overall winner, as selected by a panel of 
judges, was UCT Civil Engineering student Rene 
Nsanzubuhoro, for his talk entitled ‘Fighting leakage 
one pipe at a time’. He was awarded prize money 
of R16 000, plus another R6 000 for winning the 
People’s Choice vote by the audience. Rene had 
also been both winner and People’s Choice at the 
UCT selection round in September, at which time he 
had explained, in an interview uploaded to YouTube:  
‘I presented on my work, which is essentially to 
develop a technology to do condition assessment 
of pipelines. We all know that leakage is a problem 
in South Africa – it costs the government about R7.2 
billion every year, which is quite significant – and so 
to overcome this challenge we have developed a 
technology that can reliably detect leakage, can 
quantify this leakage, and can also characterise the 
types of leaks that are happening underground.’    

The runner-up was UJ Chemical Engineering 
student, Oluwademilade (Demilade) Fayemiyo, 
who was awarded R11 000 prize money. Her talk, 
entitled ‘From wine to water: searching within 
for clean water’, explained her PhD research on 
using grape waste at wineries to synthesise plant-
based adsorbents for the removal of organic 
and inorganic pollutants in water. Interestingly, 
she too had been both the winner and People’s 
Choice at the UJ selection round in September.

Rene Nsanzubuhoro, a PhD candidate and teaching 
assistant in UCT’s Civil Engineering Department, won 
the 3MT competition with his talk entitled ‘Fighting 
leakage one pipe at a time’. © Robyn Walker
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2019 Sky Guide Africa South 
By the Astronomical Society of Southern Africa.  
136 pp. Struik Nature. R145.

This compact little book, the 73rd edition of the 
annual Astronomical Handbook for Southern Africa, 
is packed with information for anyone with an 
interest in the night skies – from novice stargazers to 
professional astronomers.

Just less than half of the book consists of the celestial 
almanac, with four pages of information per month. 
Each begins with a calendar of interesting sky events, 
such as moon phase and the position of planets 
relative to one other or to the moon, and includes 
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The State of South Africa’s Birds 2018
By Martin R Taylor and Faansie Peacock.
80 pp. Birdlife South Africa.
Free eBooklet (4.6 MB PDF) at 
https://www.birdlife.org.za/ 

This booklet, released in March 2018, is a 
comprehensive but very colourful report 
on the conservation status of birds in 
South Africa. It gives a clear overview 
of the state of bird species as well as 
the habitats they depend upon, and 
then describes key pressures and the 
measures put in place to address them. 

Of the 856 bird species recorded 
in South Africa, 132 are threatened 
or near-threatened species, with 
seabirds and raptors being the worst 
off. Seabirds have deteriorated at a faster 
rate than any other group and now account for a 
third of the threatened species in the region (which 
includes the Prince Edward Islands), while more than 
a quarter of our 80 raptor species are threatened. 

The booklet includes a section on Important Bird 

and Biodiversity Areas (IBAs), with a useful map and 
a graphic illustrating the occurrence and severity 
of the main categories of threats, such as invasive 
species, pollution, agriculture and climate change. 
Case studies show the pressures on particular bird 
species and the conservation projects set up in 
response, and there is a final section on monitoring 
and research. The attractive layout, colourful 
graphics and highlighted facts and figures ensure 
that the information is easy to read and digest.



The Game Ranger, the Knife,  
the Lion and the Sheep 
By David Bristow. 200 pp. Jacana Media. R260.

These engaging tales from the former editor of Getaway 
magazine, David Bristow, are just the kind of yarns 
you’d expect to hear around the campfire during a 
trip to ‘the bush’. The game ranger of the title is Harry 
Wolhuter, the very first ranger of the Sabi Game Reserve, 
which later became the Kruger National Park (KNP). 
He famously fought off a hungry lion with a sheath 
knife, which is still on display in the small museum at 
Skukuza rest camp today. Wolhuter’s then boss – the 
first warden of the KNP, Major James Stevenson-
Hamilton – is the subject of another chapter. So is Dr 
Anthony Hall-Martin, who was the Director of Parks for 
SANParks and contributed so much of what we know 
about elephants, having begun his research on the 
population at Addo Elephant National Park in 1976. 

Many of the other chapters are devoted to people 
who likewise made their mark as naturalists or scientists. 
These include legendary palaeontologist Professor 
Raymond Dart and his bush-whacking assistant, 
Adrian Boshier, who collaborated in their search for 
fossil bones and artefacts, as well as James Kitching, 
the very first employee of the Bernard Price Institute 
for Palaeontological Research, established at Wits 
University in 1945. He had found his first fossil at the 
age of six and – much later in his life – discovered the 
oldest known dinosaur eggs, but is best known for his 
research in the Karoo on Permo-Triassic ‘mammal-like’ 
reptiles, or therapsids.

Eugène Marais – famous for his poems as well as his 
books The Soul of the White Ant and My Friends the 
Baboons – is featured too, and there’s also the sad 
story of Claude Finch-Davis, an ornithologist and artist 

who was acclaimed for his paintings of birds, but had 
a habit of pilfering artwork from reference books. Other 
‘curious characters’ profiled include the explorer David 
Livingstone (who brought Victoria Falls to the world’s 
attention), the artist Helen Martins (who lived as a 
recluse in Nieu Bethesda), the doctor James Barry (who 
was discovered to be a woman after his death), and 
the teenager Nongqawuse (who convinced an entire 
nation to destroy its wealth and food).

David Bristow's personal interest in his subjects shines 
through in these ‘stories from the veld’. Although he 
originally studied journalism and worked as a reporter, 
he later did a Masters degree in environmental sciences, 
and attended Prof. Eugene Moll’s popular fynbos field 
course in Bain’s Kloof. In the book’s Foreword, he tells us 
a little about his upbringing, surrounded by books. 

‘I loved, and still do, 
old stories about old 
characters, ones 
that tend to get 
lost in out-of-print 
volumes lying on 
dusty shelves in 
musty rooms,’ 
he writes. ‘These 
stories deserve 
to be dug out 
of the attics 
of our history, 
given a good 
shaking and 
pressing, and 
presented 
to a new 
audience.’ 

a note on planet visibility and stellar constellations. 
Simple sky maps depict features that can be seen with 
the naked eye, typically at dusk or dawn, and there 
are tables showing the rise and set times of both the 
sun and moon in Bloemfontein, Cape Town, Durban, 
Harare and Johannesburg. A detailed summary is 
provided of visible events involving Jupiter’s four 
brightest moons and their shadows, and if space allows 
there is additional information on selected planetary 
and lunar phenomena. Interspersed among these 
monthly almanacs are two star charts per season, 
showing stars and constellations visible from two 
different perspectives.   

The second half of the book has sections on the 

sun, moon and planets, as well as asteroids, comets, 
meteors and, of course, the stars and constellations 
that feature on the star charts. The latter includes an 
interesting box on African star lore, with some Zulu, 
Xhosa, Sotho and Tswana names for various stars 
and constellations. There is a useful section on basic 
observing skills, and plenty of information on astronomy 
in South Africa for anyone wanting to learn more about 
the subject, and perhaps contact a club so that they 
can start stargazing. There is even a page on astronomy 
on the Internet, with suggestions for live webcam views, 
podcasts, an online course and useful websites. The 
final pages are devoted to a gallery of spectacular 
images contributed by local astrophotographers.
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Across
1. The central atom in chlorophyll
2. Most elements can be described 

as this
3. A corrosion-resistant metal
4. A purple-black laboratory 

chemical
5. A key ingredient of fertiliser
6. Most of the non-metals are a …
7. A toxic yellow gas used in 

refrigeration
8. Known for its brilliant blue colour
9. Chalk contains this element
10. The dominant element in air
11. It gives stainless steel its shine
12. Used in metal-additive 

manufacturing
13. We associate this element with 

cans
14. Used in eye drops
15. Plants produce this element
16. A well-known poison
17. Its symbol is Pb
18. Smells like rotten eggs
19. Previously referred to as inert 
20. Important for water treatment
21. Superman’s fictional home planet 
22. Used in flame retardants
23. The acronym for the 2019 

celebratory year proclaimed by 
the United Nations

Down
1. Known for its work-hardening 

properties
2. The symbol for silicon
3. Used in rechargeable batteries
4. Diamonds are a form of this
5. A component of table salt
6. The filament of incandescent 

lightbulbs
7. Used in catalytic converters
8. The gas that fills weather balloons
9. Used in some sunscreens and 

lipbalms
10. The base metal of steel
11. Mainly used for electrical wiring
12. Kitchen foil is made of this
13. A component of smartphone 

electronics
14. Consumed before gastrointestinal 

X-rays
15. Sometimes used in dental fillings
16. Old-style thermometers contain 

this
17. Used in jewellery and fancy 

tableware
18. It can help fight liver cancer 
19. Used in signage lights
20. One of 118 in the periodic table
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If a number consisting 
of three different digits 
is subtracted from its 
reverse, the answer is 
the same three digits 
in yet another order. 
What is the number?
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Why Invest 
in Space

In a country faced with numerous challenges in housing, crime, poverty and the provision of basic 
necessities, you may ask why invest in space? 

The answer is clear. 
Space investment is essential for economic sustainability and development!

Without space applications we would not be able to mitigate disasters or effectively manage our resources such as water, food, 
land and housing. Mobile phones, internet, GPS, ATMs, meteorological forecasting and safe land and sea travel all rely on satellites 
positioned in space. Government, industry and academia also rely on space data to deliver on their priorities through the creation 
of applied knowledge, products and services. 

SANSA provides value-added products and services that are utilised in both space and non-space applications. Space information 
enables everyday decision making at all levels of society. SANSA has contributed towards goals within the National Development 
Plan (NDP) and the goals of the Department of Science and Technology (DST) by delivering products and services to its stakeholders 
and the public. 

South Africa’s next earth observation satellite is an example of one of these deliverables and is also one of the incredible opportunities 
to showcase the importance of investment in space science, engineering and technology and for South Africa to take its place in 
the global space arena.

•  Earth Observation - SANSA collects, assimilates 
and disseminates Earth observation data to 
support South Africa’s policy making, economic 
growth and sustainable development initiatives. 
Earth observation data is used for human 
settlement growth mapping, infrastructure 
monitoring, as well as disaster and water resource 
management. Earth observation satellite data 
contributes to monitoring environmental 
variables in the water cycle such as water quantity, 
quality, soil erosion and vegetative health which 
ensures water safety and security for the country.

•  Space Operations - SANSA provides global 
competitive space operations and applications, 
tracking, telemetry and command services while 
managing ground stations for international 
clients. Space Operations provides world class 
launch support for space missions (from Earth 
into our solar system) and ensures satellites are 
continuously monitored when they are travelling 
over African skies.

•  Space Science - SANSA conducts cutting 
edge space science research, development 
and magnetic technology innovation. Space 
science research is vital for gaining a deeper 
understanding of our space environment in 
order to protect essential infrastructure such as 
power grids and communication and navigation 
systems on Earth and in space. SANSA operates 
the Space Weather Regional Warning Centre for 
Africa, providing forecasts and warnings on space 
weather conditions. Extreme space weather may 
impact technological systems such as satellites, 
power grids, avionics and radio communication.

•  Space Engineering – SANSA aims to provide 
access to state-of-the-art satellite assembly, 
integration and testing services, as well as satellite 
systems coordination and development, to 
ensure an environment conducive to industrial 
participation in satellite programmes.

•  Human Capital Development - SANSA aims to 
advance human capital development to grow 
the knowledge economy and create awareness 
about opportunities in engineering, science 
and technology. This is achieved through scarce 
skills development, summer and winter schools, 
the supervision of MSc and PhD students, and 
teaching at partner universities. 

•  Science Advancement and Public Engagement 
- SANSA promotes science advancement and 
public engagement through participation in 
national science awareness events and through 
using the fascination of space to drive a greater 
uptake of studies in science, maths, engineering 
and technology.

OUR IMPACT is derived from our national capacity, 

experience and expertise in space science and 

technology through six thematic focus areas:

SANSA provides state-of-the-art ground 
station facilities and services including 
satellite tracking, launch support, 
mission control and space navigation.

Satellite imagery helps manage food 
and water security as well as natural 
disasters on Earth like floods, droughts 
and fires.

SANSA monitors the Earth’s magnetic 
field and space weather storms to 
assist in protecting technology on 
Earth and in space. 

South African National Space Agency
Enterprise Building, Mark Shuttleworth Street, Innovtion Hub, Pretoria, 0087
T: 012 844 0500
F: 012 844 0396
information@sansa.org.za
www.sansa.org.za

@SANSA7

South African National Space Agency
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